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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A lower core layer, the up core layer which counters said lower core layer, and the up 
magnetic pole layer which it is prepared between said vertical core layers, and is joined to said up core 
layer, This up magnetic pole layer, the magnetic gap layer which intervenes between said lower core 
layers, and said up core layer and the 1st coil layer located in said lower core layer side rather than the 
plane-of-composition height of said up magnetic pole layer, the 2nd coil layer located in said up core 
layer side rather than said plane of composition - having — said 1st coil layer — a coil a conductor 
the thin film magnetic head to which thickness is characterized by the coil conductor thickness halfbeak 
of the 2nd coil layer being thin. 

[Claim 2] The coil conductor width of said 2nd coil layer is the thin film magnetic head according to 

claim 1 characterized by being smaller than the coil conductor width of said 1st coil layer. 

[Claim 3] The coil conductor spacing of said 2nd coil layer is the thin film magnetic head according to 

claim 2 characterized by being narrower than the coil conductor spacing of said 1st coil layer. 

[Claim 4] The ratio to the conductor thickness of said 2nd coil layer of the conductor thickness of said 

1st coil layer is the thin film magnetic head according to claim 1 characterized by being 0.8 or less. 

[Claim 5] The ratio to the conductor width of the 2nd coil layer of the conductor width of said 1st coil 

layer is the thin film magnetic head according to claim 2 characterized by being 1 .2 or more. 

[Claim 6] The ratio to the coil conductor spacing of the 2nd coil layer of the coil conductor spacing of 

said 1st coil layer is the thin film magnetic head according to claim 3 characterized by being 1.2 or 

more. 

[Claim 7] The organic insulating layer of a wrap 1st is claims 2, 3, or 5 and the thin film magnetic head 
of six publications which are characterized by the include angle which the flat surface where an inclined 
plane which separates from said magnetic medium is formed, and this inclined plane and said 2nd coil 
layer were gradually formed in the magnetic-medium opposed face side according to the direction of 
thickness intersects in said 2nd coil layer being 60 degrees or less. 

[Claim 8] It is the thin film magnetic head according to claim 1 to 7 characterized by forming in the 
point of said lower core layer the lower magnetic pole layer projected toward said up magnetic pole 
layer, and forming said magnetic gap layer between said up magnetic pole layer and said lower magnetic 
pole layer. 

[Claim 9] The end face by the side of said magnetic medium of said up core layer is the thin film 
magnetic head according to claim 1 to 8 characterized by being the inclined plane which separates from 
said magnetic medium gradually in the direction of thickness from said up magnetic pole layer. 
[Claim 10] It is the thin film magnetic head according to claim 1 to 9 which the depth-of-gap 
arrangement insulation section is formed on said lower core layer, and is characterized by the back end 
section of said magnetic gap layer touching said depth-of-gap arrangement insulation section. 
[Claim 1 1] It is the thin film magnetic head according to claim 1 to 10 which the 2nd organic insulating 
layer buries the coil conductor spacing of said 1st coil layer, the 2nd inorganic insulating layer covers 
the whole surface surface of said 2nd organic insulating layer, and flattening of the front face is carried 
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out, and is characterized by forming said 2nd coil layer in the flat front face of said 2nd inorganic 
insulating layer. 

[Claim 12] said 1st coil layer is formed in the 1st inorganic insulating-layer front face - having - **** - 
- the coil of said 1st coil layer a conductor - the thin film magnetic head according to claim 1 1 
characterized by said 2nd inorganic insulating layer of a between having spacing larger than the coil 
conductor spacing width-of-face dimension of said 1st coil layer with said 1st inorganic insulating layer. 

[Claim 13] For aluminum 203 or Si03, and said 2nd organic insulating layer, said 2nd inorganic 
insulating layer is the thin film magnetic head according to claim 1 1 or 12 characterized by being 
novolak resin or polyimide. 

[Claim 14] The thin film magnetic head according to claim 1 to 13 characterized by being the non- 
magnetic metal ingredient in which formation according [ said magnetic gap layer ] to electrolysis 
plating is possible. 

[Claim 15] The process which carries out sequential formation of a magnetic gap layer and the up 
magnetic pole layer by the electrolysis galvanizing method on a lower core layer, The process which 
forms the inorganic insulating layer of a wrap 2nd for the 1st coil layer formed on said lower core layer, 
The polish process which makes the top face of said 2nd inorganic insulating layer and said up magnetic 
pole layer the same flat side, after this polish process and said inorganic 2nd insulating-layer top - said 
1st coil layer - a coil - a conductor — with the process which forms the 2nd coil layer with a large 
dimension in thickness the process which forms the organic insulating layer of a wrap 1st for said 2nd 
coil layer - this - with the process which forms the 4th resist frame surrounding the rim of an up core 
layer on the 1st organic insulating layer It has the process which forms said up core layer in the field 
which the 4th resist frame surrounds, this ~ said 4th resist frame The manufacture approach of the thin 
film magnetic head characterized by exposing and forming in the configuration of said 4th resist frame 
the resist applied on said 1st organic insulating layer. 

[Claim 16] the coil of the 1st [ after forming said 1st coil layer / said ] coil layer - a conductor - the 
manufacture approach of the thin film magnetic head according to claim 15 characterized by the process 
which forms the 2nd organic insulating layer which fills between, and forming said 2nd inorganic 
insulating layer in the front face of said 2nd organic insulating layer by the spatter. 
[Claim 17] The manufacture approach of the thin film magnetic head according to claim 16 
characterized by forming said magnetic gap layer after forming a depth-of-gap arrangement insulating 
layer on said lower core layer. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film magnetic head corresponding to a raise in 
recording density, and the formation of a high record frequency, and its manufacture approach especially 
with respect to the thin film magnetic head for magnetic recording used for a hard magnetic disk etc. 
[0002] 

[Description of the Prior Art] As the conventional thin film magnetic head is shown in drawing 1 , it is 
formed on the slider 61 of the shape of an abbreviation rectangle which consists of a non-magnetic 
material, and the recording head section intervenes between the up core layer 56 which the 1st and 2nd 
coil layer 59 and 60 which is two-layer laminated structures counters mutually, and the lower core layer 

57, as shown in drawing 20 . 

[0003] The up magnetic pole layer 63 and the lower magnetic pole layer 51 which connect with the 

upper part and the lower core layers 56 and 57 magnetically between the points of the up core layer 56 

and the lower core layer 57, respectively are pinching the magnetic gap layer 62. 

[0004] When the flat surface of the plane-of-composition height of the up magnetic pole layer 63 and 

the up core layer 56 is made into datum level S5, the 1st coil layer 59 is formed in the lower part 

[ height / datum-level S5 ] core layer 57 side. The 1st coil layer 59 is covered with the insulating layer 

64, and the front face ! s of an insulating layer 64 corresponds with datum level S5. 

[0005] The 2nd coil layer 60 is formed in insulating-layer 64 front face made into datum level S5. 

[0006] the coil conductor width of the 2nd coil layer 60, and a coil - a conductor - thickness - 

respectively - the coil conductor width of the 1st coil layer 59, and a coil ~ conductor thickness - ** - 

it is formed equally. 

[0007] As for the organic insulating layer 58 of a wrap 1st, inclined plane 58a which separates from 
magnetic-disk opposed face 61b is formed in the magnetic-disk opposed face 61b side of a slider 61 
toward the direction of thickness from the datum plane S5 in the 2nd coil layer 60. 
[0008] The up core layer 56 has covered the 2nd coil layer 60 through the 1st organic insulating layer 

58. As for such an up core layer 56, the point has reached [ from inclined plane 58a of the 1st organic 
insulating layer 58 ] the top face of the up magnetic pole layer 63. 

[0009] As shown in drawing 21 , after formation of the up core layer 56 carries out spatter membrane 
formation of the conductive plating substrate film 70 on the front face of the 1st organic insulating layer 
58, it applies a resist 71 on the plating substrate film 70, and forms a resist 71 in the resist frame 
corresponding to the configuration of the up core layer 56 by the photolithography. 
[0010] Scattered reflection of the exposure light is carried out in the exposure process of the 
photolithography which forms a resist frame by the plating substrate layer 70 formed on inclined plane 
5 8a of the 1 st organic insulating layer 5 8 . 

[001 1] If the angle which inclined plane 58a of the 1st organic insulating layer 58 and a datum plane S5 
constitute is large at this time, the part of the resist 70 by which the exposure light by which scattered 
reflection was carried out is beginning to leak to the magnetic-disk opposed face 61b side widely, and 
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should be shaded may be exposed. 

[0012] Therefore, if the angle which inclined plane 58a of the 1st organic insulating layer 58 and a 
datum plane S5 constitute is large, it is difficult to be unable to form in the configuration of a request of 
a resist frame, but to form the location of the up core layer 56, and a configuration correctly. 
[0013] Moreover, if the angle which inclined plane 58a of the 1st organic insulating layer 58 and datum 
level S5 constitute is large, the thickness of the organic insulating layer 58 of a wrap 1st may become 
extremely thin about the corner of the periphery of the 2nd coil layer 60, and inner circumference, and 
the 2nd coil layer 60 and up core layer 56 may short-circuit. If spacing of the 2nd coil layer 60 and the 
up core layer 56 is made large, with the configuration of the 2nd coil layer 60 not changed in order to 
prevent short-circuit of the 2nd coil layer 60 and the up core layer 56, the magnetic-path length in the up 
core layer 56 will become long, and dealing with RF record will become difficult. 
[0014] 

[Problem(s) to be Solved by the Invention] the conventional thin film magnetic head — the coil of the 1st 
coil layer 59 - a conductor -- thickness - the coil of the 2nd coil layer 60 ~ conductor thickness --**-- 
since it is formed equally - the coil of the 2nd coil layer 60 - a conductor time thickness is thick - 
the coil of the 1st coil layer 59 - a conductor - thickness - it becomes thick. In such a case, when the 
thickness of the wrap insulating layer 64 was thin in the 1st coil layer 59, there was a problem of 
becoming the cause by which the 1st coil layer 59 may be exposed from an insulating layer 64, and the 
1st coil layer 59 and the 2nd coil layer 60 short-circuit, by dispersion in the precision in the process 
which grinds the front face of an insulating layer 64. This invention aims at offering the reliable thin 
film magnetic head. 
[0015] 

[Means for Solving the Problem] The up core layer to which the thin film magnetic head of this 
invention counters a lower core layer and said lower core layer, The up magnetic pole layer which it is 
prepared between said vertical core layers, and is joined to said up core layer, This up magnetic pole 
layer, the magnetic gap layer which intervenes between said lower core layers, and said up core layer 
and the 1st coil layer located in said lower core layer side rather than the plane-of-composition height of 
said up magnetic pole layer, the 2nd coil layer located in said up core layer side rather than said plane of 
composition — having — said 1st coil layer — a coil - a conductor — the coil conductor thickness 
halfbeak of the 2nd coil layer also has thin thickness, such the thin film magnetic head - the coil of the 
1st coil layer ~ a conductor ~ since sufficient spacing can be opened and the 1st coil layer can be 
formed by making thickness thin from the plane-of-composition height of an up magnetic pole layer and 
an up core layer, the insulation between the 1st and 2nd coil layer is secured, and dependability becomes 
high. Furthermore, in the thin film magnetic head of this invention, since the 1st coil layer has sufficient 
spacing from the plane-of-composition height of an up magnetic pole layer and an up core layer, it 
becomes possible [ making plane-of-composition height low ], and can make an up magnetic pole layer 
thin. By making an up magnetic pole layer thin, it becomes possible to pass the magnetic flux from an 
up core layer in a magnetic gap layer efficiently, and can respond to high recording density-ization. 
[0016] The thin film magnetic head of this invention has the coil conductor width of said 2nd coil layer 
smaller than the coil conductor width of said 1st coil layer, such the thin film magnetic head - the 2nd 
coil layer - the coil of the 2nd coil layer - a conductor - it is possible to form a suitable number of 
turns in a narrower field, without increasing direct current resistance by thickening thickness and 
narrowing a coil conductor width. Therefore, when an up core layer shortens the die length until it 
results in the periphery of the 2nd coil layer from from near the volume core of the 2nd coil layer and 
considers as short magnetic-path length, it is a low inductance and can consider as the thin film magnetic 
head corresponding to RF record. 

[0017] Moreover, even if it makes thickness of the 1st coil layer thin corresponding to the up magnetic 
pole layer thin-shape-ized with the raise in recording density by enlarging the conductor width of the 1st 
coil layer, the direct current resistance of the 1st coil layer does not increase. Therefore, it can consider 
as the thin film magnetic head which controlled the power loss by the 1st coil layer. 
[0018] Moreover, the thin film magnetic head of this invention has the coil conductor spacing of said 
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2nd coil layer narrower than the coil conductor spacing of said 1st coil layer. In such the thin film 
magnetic head, when an up core layer shortens further the die length until it results in the periphery of 
the 2nd coil layer from from near the volume core of the 2nd coil layer and makes it short magnetic-path 
length more, it is a low inductance and can consider as the thin film magnetic head corresponding to RF 
record. 

[0019] Moreover, a ratio [ as opposed to the conductor thickness of said 2nd coil layer of the conductor 
thickness of said 1st coil layer in the thin film magnetic head of this invention ] is 0.8 or less, let the 2nd 
coil layer be low direct current resistance in such the thin film magnetic head — as ~ the coil of the 2nd 
coil layer - a conductor — having held thickness - the coil of the 1st coil layer - a conductor - 
thickness is made thin and the effectiveness that sufficient spacing can be prepared between the 1st and 
2nd coil layer shows up clearly. 

[0020] A ratio [ as opposed to the conductor width of the 2nd coil layer of the conductor width of said 
1st coil layer in the thin film magnetic head of this invention ] is 1.2 or more, such the thin film 
magnetic head — the coil of the 1st coil layer — a conductor — holding the coil conductor width of the 1st 
coil layer so that the 1st coil layer may be made into low direct current resistance, even if it made 
thickness thin, the coil conductor width of the 2nd coil layer is narrowed, and the effectiveness which 
can form the 2nd coil layer in a narrow field shows up clearly. 

[0021] A ratio [ as opposed to the conductor spacing of the 2nd coil layer of the conductor spacing of 
said 1st coil layer in the thin film magnetic head of this invention ] is 1.2 or more. In such the thin film 
magnetic head, the effectiveness which can make still smaller the field in which the 2nd coil layer is 
formed shows up more clearly. 

[0022] The include angle of the thin film magnetic head of this invention with which an inclined plane 
where the organic insulating layer of a wrap 1st separates from a magnetic-disk opposed face gradually 
to said magnetic-disk opposed face side according to the direction of thickness is formed and which this 
inclined plane and the flat surface in which said 2nd coil layer was formed intersect in said 2nd coil 
layer is 60 degrees or less. In such the thin film magnetic head, the resist film applied on the 1st organic 
insulating layer is exposed and developed, and in the process which forms the resist frame surrounding 
the rim of an up core layer, since a resist frame can be formed in a predetermined configuration and a 
location, the up core layer formed in the field surrounded by this resist frame serves as a predetermined 
configuration and a location. 

[0023] The lower magnetic pole layer which projected the thin film magnetic head of this invention 
toward said up magnetic pole layer to the point of said lower core layer is formed, and said magnetic gap 
layer is formed between said up magnetic pole layer and said lower magnetic pole layer. In such the thin 
film magnetic head, since it is hard to generate the leak field produced between magnetic gaps in the 
location from which produced between the up magnetic pole layer and the lower magnetic pole layer, 
and it separated from between the upper part and a lower magnetic pole layer, it can control write- 
fringing and can consider as the thin film magnetic head which was more suitable for high recording 
density-ization. 

[0024] The thin film magnetic head of this invention is the inclined plane where the end face by the side 
of the magnetic medium of said up core layer separates from a magnetic medium gradually in the 
direction of thickness from said up magnetic pole layer. In such the thin film magnetic head, since area 
of the plane of composition of an up core layer and an up magnetic pole layer can be made large, 
without an up core layer being exposed from an up magnetic pole layer, it is efficient and the record 
field guided to the up core layer can be given to a magnetic medium as a leak field. 
[0025] On said lower core layer, as for the thin film magnetic head of this invention, the depth-of-gap 
arrangement insulation section is formed, and the back end section of said magnetic gap layer touches 
said depth-of-gap arrangement insulation section. In such the thin film magnetic head, a magnetic gap 
layer can be formed in the suitable depth of gap by the depth-of-gap arrangement insulating layer 
according to gap width of face or the configuration of a magnetic gap layer. 

[0026] As for the thin film magnetic head of this invention, the 2nd organic insulating layer buries the 
coil conductor spacing of said 1st coil layer, the 2nd inorganic insulating layer covers the whole surface 
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surface of said 2nd organic insulating layer, flattening of the front face is carried out, and said 2nd coil 
layer is formed in the flat front face of said 2nd inorganic insulating layer. In such the thin film magnetic 
head, since it can control that an opening is generated inside the 2nd inorganic insulating layer by 
burying the coil conductor spacing of the 1st coil layer using the 2nd organic insulating layer, there is no 
deformation by expansion of the gas in an opening, and the reliable thin film magnetic head can be 
formed. 

[0027] Moreover, since flattening of the front face of the 2nd inorganic insulating layer can be carried 
out by polish, it can form the configuration of the 2nd coil layer, and a location with a sufficient 
precision on the 2nd inorganic insulating layer. 

[0028] the thin film magnetic head of this invention forms said 1st coil layer in the 1st inorganic 
insulating-layer front face - having - **** - the coil of said 1st coil layer - a conductor said 2nd 
inorganic insulating layer of a between has spacing larger than the coil conductor spacing width-of-face 
dimension of said 1st coil layer with said 1st inorganic insulating layer. In such the thin film magnetic 
head, it can control more certainly that an opening is generated in the 2nd inorganic insulating layer. 
[0029] As for the thin film magnetic head of this invention, said 2nd inorganic insulating layer of 
aluminum 203 or the organic insulating layer of the Si03 above 2nd is novolak resin or polyimide. such 
the thin film magnetic head - the 2nd organic insulating layer and the 2nd inorganic insulating layer - 
the coil of the 1st coil layer - a conductor - it is easy to fill between without an opening, to grind the 
front face of the 2nd inorganic insulating layer, and to make it smooth. 

[0030] The thin film magnetic head of this invention is the non-magnetic metal ingredient which said 
magnetic gap layer can form with electrolysis plating. In such the thin film magnetic head, since plating 
formation of a magnetic gap layer and the up magnetic pole layer can be carried out continuously at 
least, a production process can be simplified. It can choose from one sort or two sorts or more in NiP, 
NiW, NiMo, and Au, Pt, Rh, Pd, Ru and Cr as non-magnetic metal in which electrolysis plating is 
possible. 

[0031] The process to which the manufacture approach of the thin film magnetic head of this invention 
carries out sequential formation of a magnetic gap layer and the up magnetic pole layer by the 
electrolysis galvanizing method on a lower core layer, The process which forms the inorganic insulating 
layer of a wrap 2nd for the 1st coil layer formed on said lower core layer, The polish process which 
makes the top face of said 2nd inorganic insulating layer and said up magnetic pole layer the same flat 
side, after this polish process and said inorganic 2nd insulating-layer top - said 1st coil layer - a coil - 
a conductor - with the process which forms the 2nd coil layer with a large dimension in thickness the 
process which forms the organic insulating layer of a wrap 1st for said 2nd coil layer - this — with the 
process which forms the resist frame surrounding the rim of an up core layer on the 1st organic 
insulating layer It has the process which forms said up core layer in the field which this resist frame 
surrounds, and said resist frame exposes and forms in the configuration of said resist frame the resist 
applied on said 1st organic insulating layer. By such manufacture approach of the thin film magnetic 
head, gradually, the end face by the side of the magnetic-disk opposed face of an up core layer can form 
in the direction of thickness so that it may be the inclined plane which separates from a magnetic 
medium. 

[0032] the coil of the 1st [ after the manufacture approach of the thin film magnetic head of this 
invention forms said 1st coil layer / said ] coil layer - a conductor - said 2nd inorganic insulating layer 
is formed in the front face of the process which forms the 2nd organic insulating layer which fills 
between, and said 2nd organic insulating layer by the spatter. By such manufacture approach of the thin 
film magnetic head, the 2nd inorganic insulating layer can be formed without an opening. 
[0033] The manufacture approach of the thin film magnetic head of this invention forms said magnetic 
gap layer, after forming a depth-of-gap arrangement insulating layer on said lower core layer. By such 
manufacture approach of the thin film magnetic head, the depth of gap of a magnetic gap layer can be 
formed appropriately. 
[0034] 

[Embodiment of the Invention] The structure of the thin film magnetic head of this invention is 
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explained using drawing 3 from drawing 1 . The thin film magnetic head of this invention is the 
compound-die thin film magnetic head by which the recording head section h2 was formed on the 
reproducing-head section hi, and is formed on head forming face 61a of a slider 61. 
[0035] As shown in drawing 1 , sliders 61 are magnetic-disk opposed face 61b and an abbreviation 
perpendicular while it has the shape of an abbreviation rectangle which consists of non-magnetic 
materials, such as a ceramic, and head forming face 61a is the field which adjoins magnetic media, such 
as a magnetic disk, and magnetic-disk opposed face 61b which counters. 
[0036] As the reproducing-head section hi is shown in drawing 2 , the upper part and the lower 
shielding layers 2 and 3 which consist of soft magnetic materials, such as a permalloy, have countered 
mutually, and the magneto-resistive effect component 1 which is the AMR (Anisotopic 
Magnetoresistance) component or a GMR (Giant Magnetoresistance) component is formed through the 
insulating layer 4 between the upper part, the lower shielding layer 2, and 3 from the upper part and the 
lower shielding layers 2 and 3. 

[0037] The recording head section h2 is formed on the up shielding layer 2 of the reproducing-head 
section hi through the detached core 5. The recording head section h2 is the inductive head with which 
the 1st for guiding the upper part between the upper part which consists of soft magnetic materials, such 
as a permalloy, and the lower core layers 6 and 7, and guiding a record field to the lower core layers 6 
and 7, and the 2nd coil layer 9 and 10 intervened. 

[0038] The lower core layer 7 was formed on the detached core 5, and point 7a has extended to 
magnetic-disk opposed face 61b of a slider 61. 

[0039] The connection 20 which consists of soft magnetic materials, such as a permalloy, connects with 
the lower core layer 7 magnetically, and is formed in the front face of such a lower core layer 7. From a 
connection 20 to magnetic-disk opposed face 61b, spacing of the height direction (direction which 
pierces through magnetic-disk opposed face 61b perpendicularly) serves as the 1st predetermined 
dimension (LI). The 1st predetermined dimension (LI) is shortened with the formation of RF record, for 
example, is set as 18 micrometers or less. 

[0040] Moreover, on the lower core layer 7, the depth-of-gap arrangement insulation section 
(henceforth, Gd arrangement insulation section) 27 which consists of organic insulating materials, such 
as a resist, is formed. Such the Gd arrangement insulation section 27 is located in the magnetic-disk 
opposed face 61b side rather than the connection 20, and Gd arrangement insulation section 27 and a 
connection 20 are located in a line with about 1 train in the height direction. 
[0041] Moreover, spacing of the height direction to magnetic-disk opposed face 61b serves as the 
predetermined depth of gap (Gap depth) Gd from Gd arrangement insulation section 27, and such the 
depth of gap Gd is set up with magnetic gap width of face or the configuration near the magnetic gap, 
for example, it is about 0.5 micrometers. 

[0042] As shown in drawing 3 , the laminating of the lower magnetic pole layer 21 which consists of 
soft magnetic materials, such as a permalloy, the magnetic gap layer 22 which consists of non-magnetic 
materials, such as NiP, and the up magnetic pole layer 23 which consists of soft magnetic materials, 
such as a permalloy, is carried out to point 7a of the lower core layer 7 one by one. 
[0043] The width-of-face dimension of the cross direction in magnetic-disk opposed face 61b 
(henceforth, the direction of a truck) was arranged with the predetermined width of recording track TW, 
and such a lower magnetic pole layer 21, the magnetic gap layer 22, and the up magnetic pole layer 23 
are exposed to magnetic-disk opposed face 61b. 

[0044] Since the width of recording track TW corresponds to high recording density-ization, the height 
from the front face of the lower core layer 7 to up magnetic pole layer 23 top face of the layered product 
which being formed by 0.7 micrometers or less becomes from the lower magnetic pole layer 21, the 
magnetic gap layer 22, and the up magnetic pole layer 23 preferably (preferably 0.5 micrometers or less) 
is about 2.3 micrometers. 

[0045] Inclined plane 7b to which thickness becomes thin may be formed in point 7a of the lower core 
layer 7 toward the both sides of the direction of a truck from the formation location of the lower 
magnetic pole layer 2 1 . 
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[0046] The back end section of the lower magnetic pole layer 21 and the magnetic gap layer 22 touches 
Gd arrangement insulation section 27. Thus, as for the magnetic gap layer 22, the height direction 
dimension is specified to the predetermined depth of gap Gd. 

[0047] Although conventionally referred to as about 3.0 micrometers, when it corresponds to high 
recording density-ization, as for the height from the front face of the lower core layer 7 to up magnetic 
pole layer 23 top face, it is desirable to thin-shape-ize the up magnetic pole layer 23, and to be referred 
to as 2.5 micrometers or less. 

[0048] Moreover, since the up core layer 6 is joined to the top face of the up magnetic pole layer 23 so 
that it may mention later, in order to secure sufficient plane-of-composition product with the up core 
layer 6, it is desirable [ the height direction dimension of the up magnetic pole layer 23 ] that it is 0.8 
micrometers or more. 

[0049] The height of the top face of the up magnetic pole layer 23 is in agreement with the height of the 
top face of a connection 20, and makes a flat surface including the top face of the up magnetic pole layer 
23, and the top face of a connection 20 datum level S. 

[0050] The lower core layer 7 is covered with the 1st inorganic insulating layer 8 which consists of 
aluminum203 grade, and the 1st coil layer 9 which consists of right electrical conducting materials, 
such as Cu, is formed in the front face of the 1st inorganic insulating layer 8. 

[0051] The 1st coil layer 9 is a flat-surface spiral configuration, volume core 9a approaches a connection 
20, and the connection 20 is mostly wound around it as a core. Moreover, the 1st coil layer 9 is formed 
so that a periphery may approach with Gd arrangement insulation section 27, and spacing of a 
connection 20 and Gd arrangement insulation section 27 serves as a radius dimension of the 1st coil 
layer 9 mostly. 

[0052] The 1st coil conductor width (coil within the field of the 1st inorganic insulating layer 8 width- 
of-face dimension of a conductor) and coil conductor spacing of the coil layer 9 It is set up so that the 
1st coil layer 9 may have a suitable number of turns and it may be formed between Gd arrangement' 
insulation sections 27 from a connection 20. The coil conductor thickness (coil the direction dimension 
of thickness of a conductor) of the 1st coil layer 9 is thinly set up so that the 1st coil layer 9 may open 
sufficient spacing and may be formed from datum level S. 

[0053] On the other hand, if the 1st coil layer 9 has a coil conductor-width dimension and a too small 
coil conductor thickness dimension, direct current resistance will increase, therefore, the coil conductor- 
width dimension of the 1st coil layer 9 and a coil ~ a conductor ~ thickness is set up appropriately — it 
must have — for example, a coil conductor-width dimension — about 1.7 micrometers and a coil - a 
conductor — a dimension is set as about 1.5 micrometers in thickness. Moreover, coil conductor spacing 
is set as about 1.2 micrometers. If it is 0.7 micrometers or more in such coil conductor spacing, a 
photolithography can perform pattern formation correctly. 

[0054] The 2nd organic insulating layer 25 which consists of novolak resin or polyimide has covered the 
1st coil layer 9. this time — the front face of the 2nd organic insulating layer 25 — the coil of the 1st coil 
layer 9 — a conductor — crevice 25a is formed in between. 

[0055] the 2nd organic insulating layer 25 is formed so that crevice 25a may become shallow — having - 
- the 1st coil of the 2nd organic insulating layer 25 — a conductor — the thickness of a between has 
become more than the coil conductor spacing dimension of the 1st coil layer 9. moreover, the coil of the 
1st coil layer 9 — a conductor - the front face of the 2nd organic insulating layer 25 formed upwards 
holds sufficient spacing with datum level S. 

[0056] The 2nd organic insulating layer 25 had window part 25b in the location of volume core 9a of the 
1st coil layer 9, and has exposed volume core 9a from window part 25b of the 2nd organic insulating 
layer 25. 

[0057] Membranes were formed by the spatter and the 2nd inorganic insulating layer 15 which consists 
of aluminum203 grade has covered the whole surface of the front face of the 2nd organic insulating 
layer 25. the 2nd inorganic insulating layer 15 — the coil of the 1st coil layer 9 — a conductor — it is 
formed so that crevice 25a of the 2nd organic insulating layer 25 may be buried in between. 
[0058] this time ~ crevice 25a of the 2nd organic insulating layer 25 - shallow ~ the coil of the 1st coil 
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layer 9 - a conductor - the spacing dimension of the 2nd inorganic insulating layer 15 and the 1st 
inorganic insulating layer 8 is larger than the coil conductor spacing dimension of the 1st coil layer 9 in 
between, such 2nd inorganic insulating layer 15 - the coil of the 1st coil layer 9 - a conductor - it is 
formed without an opening in between. The gas in an opening expands and the opening inside 
[ inorganic insulating-layer 15 ] the 2nd becomes the cause which deforms the thin film magnetic head. 
[0059] Moreover, the top face of the 2nd inorganic insulating layer 15 is evenly formed in accordance 
with datum level S, and since the front face of the 2nd organic insulating layer 25 is separated enough 
with datum level S, as for the thickness of the 2nd inorganic insulating layer 15, it is sufficiently thick. 
[0060] Thus, in the 2nd inorganic insulating layer 15 with thick thickness, the top face of the 2nd 
inorganic insulating layer 15 is ground, when carrying out flattening so that it may be in agreement with 
a datum plane S, the 2nd organic insulating layer 25 is not exposed to the front face of the 2nd inorganic 
insulating layer 15 with the variation in precision, and the flat top face of the 2nd inorganic insulating 
layer 15 is not harmed. 

[0061] Moreover, the 2nd inorganic insulating layer 15 had window part 15a in the location of volume 
core 9a of the 1st coil layer 9, and has exposed volume core 9a of the 1st coil layer 9 from window part 
1 5a of the 2nd inorganic insulating layer 15. 

[0062] The 2nd coil layer 10 which consists of right electrical conducting materials, such as Cu, is 
formed in the front face of the 2nd inorganic insulating layer 15 which is datum level S. The 2nd coil 
layer 10 is a flat-surface spiral configuration, volume core 10a approaches right above [ of a connection 
20 ], and rolls right above [ of a connection 20 ] mostly, and is wound as core 10a. 
[0063] Volume core 10a of the 2nd coil layer 10 is connected with volume core 9a of the 1st coil layer 9 
through window part 15a of the 2nd inorganic insulating layer 15, and window part 25b of the 2nd 
organic insulating layer 25, and the 1st and 2nd coil layer 9 and 10 is connected to the serial 
[0064] Such 2nd coil layer 10 separates predetermined spacing from magnetic-disk opposed face 61b, is 
formed, and is. Spacing of the height direction from the periphery of the 2nd coil layer 10 to magnetic- 
disk opposed face 61b serves as the 2nd predetermined dimension (L2). By considering the 2nd 
predetermined dimension (L2) as the above to some extent, the configuration of the up core layer 6 and 
a location can be formed correctly, and between the up core layer 6 and the 2nd coil layer 10 can be 
certainly insulated so that it may mention later. The 2nd predetermined dimension (L2) is set as about 10 
micrometers. 

[0065] The 2nd predetermined spacing (L2) of the height direction from the periphery of the 2nd coil 
layer 10 to magnetic-disk opposed face 61b is set up more greatly than the height direction spacing from 
the periphery of the 1st coil layer 9 to magnetic-disk opposed face 61b. Since it is in agreement, the 
volume cores 9a and 10a of the 1st and 2nd coil layer 9 and 10 need to make the path of the 2nd coil 
layer 10 smaller than the path of the 1st coil layer 9. 

[0066] Therefore, the 2nd coil layer 10 must form the suitable number of turns for the range narrower 
than the 1st coil layer 9, and the coil conductor- width (coil within field of 2nd inorganic insulating layer 
15 width-of-face dimension of conductor) width of face of the 2nd coil layer 10 and coil conductor 
spacing are set up more narrowly than the coil conductor width of the 1st coil layer 9, and coil conductor 
spacing. 

[0067] thus, the coil conductor width of the 2nd coil layer 10 and a coil - a conductor - if a dimension 
is narrowed, the path of the 2nd coil layer 10 can be formed small. Therefore, the die length of the up 
core layer 6 formed very much in a periphery from volume core 10a of the 2nd coil layer 10 is 
shortened, and since the height direction spacing (LI) from a connection 20 to magnetic-disk opposed 
face 61b is short, it is short magnetic-path length, is a low inductance, and can respond to RF record. 
[0068] On the other hand, the coil conductor thickness halfbeak of the 1st coil layer 9 is also thickly 
formed for coil conductor thickness (coil the direction dimension of thickness of a conductor), and the 
2nd coil layer 10 is maintaining low direct current resistance, even if a coil conductor width is narrow- 
width. 

[0069] the 2nd coil layer - for example, a coil conductor width - about 1 micrometer and coil 
conductor spacing — about 1 micrometer — it is - a coil - a conductor thickness is about 2.6 
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micrometers. 

[0070] Moreover, since the 1st coil layer 9 is left enough and formed from the datum level S in which 
the 2nd coil layer 10 was formed, except volume core 9a and 10a, it insulates certainly and spacing of 
the 1st coil layer 9 and the 2nd coil layer 10 has become what has high dependability. 
[0071] The such 1st and 2nd coil layer 9 and 10 the coil of the 1st coil layer 9 - a conductor - the coil 
of the 2nd coil layer 10 of thickness — a conductor — with [ the ratio to thickness ] 0.8 [ or less ] let the 
2nd coil layer 10 be low direct current resistance - as — the coil of the 2nd coil layer 10 - a conductor — 
having held thickness — the coil of the 1st coil layer 9 — a conductor thickness is made thin and the 
effectiveness that sufficient spacing can be prepared between the 1st and 2nd coil layer 9 and 10 shows 
up clearly. 

[0072] Moreover, with [ the ratio to the coil conductor width of the 2nd coil layer 10 of the coil 
conductor width of the 1st coil layer 9 ] 1.2 [ or more ], the 1st and 2nd coil layer 9 and 10 the coil of the 
1st coil layer 9 — a conductor, holding the coil conductor width of the 1st coil layer 9 so that the 1st coil 
layer 9 may be made into low direct current resistance, even if it made thickness thin The effectiveness 
which can narrow the coil conductor width of the 2nd coil layer 10, and can make the path of the 2nd 
coil layer 10 small shows up clearly. 

[0073] the resist of novolak resin system or polyimide resin system to 1st organic insulating layer 17 ~ 
the front face of the 2nd inorganic insulating layer 15 — setting — the 2nd coil layer 10 — covering 
**** the coil of the 2nd coil layer 10 - a conductor - between is filled. The 1st organic insulating 
layer 17 was not formed in the top face of the up magnetic pole layer 23, and the top face of a 
connection 20, but the tip by the side of magnetic-disk opposed face 61b of the 1st organic insulating 
layer 17 has extended to near the up magnetic pole layer 23. 

[0074] Moreover, according to the direction of thickness, inclined plane 17a which separates from 
magnetic-disk opposed face 61b is gradually formed by the magnetic-disk opposed face 61b side of the 
1st organic insulating layer 17. 

[0075] In order for such inclined plane 17a to form gently the front face of the 2nd inorganic insulating 
layer 15 which is datum level S, and the include angle theta to accomplish Spacing from the periphery of 
the 2nd coil layer 10 to the up magnetic pole layer 23 is enlarged. That is, the 2nd predetermined 
dimension (L2) from the periphery of the 2nd coil layer 10 to magnetic-disk opposed face 61b is 
enlarged, and distance to the point which approaches the up magnetic pole layer 23 of the 1st organic 
insulating layer 17 from the periphery of the 2nd coil layer 10 is lengthened. 

[0076] As for the front face of the 2nd inorganic insulating layer 15 whose inclined plane 17a is datum 
level S, and the include angle theta to accomplish, it is desirable that it is 60 degrees or less. The 
location of the up core layer 6 and a configuration can be correctly formed, so that explanation of the 
next manufacture approach may be described and the datum level S of inclined plane 17a and the 
include angle theta to accomplish are small. 

[0077] If inclined plane 17a makes loose the front face of the 2nd inorganic insulating layer 15 which is 
datum level S, and the include angle theta to accomplish, between the up core layer 17 which the 
thickness of the organic insulating layer 17 of a wrap 2nd did not become extremely thin about 
periphery corner 10b of the 2nd coil layer 10, and was formed on the 1st organic insulating layer 17, and 
the 2nd coil layer 10 can be insulated certainly. 

[0078] Moreover, by narrowing the coil conductor width of the 2nd coil layer 10, and coil conductor 
spacing, the 2nd coil layer 10 inner-circumference section can be separated from a connection 20, and 
can be formed. Thus, the up core layer 6 and the 2nd coil layer 10 which were formed on the 1st 
insulating layer 17 can be insulated certainly, without the thickness of the 1st insulating layer 17 of a 
wrap becoming extremely thin about inner circumference corner 10c of the 2nd coil layer 10, if the 2nd 
coil layer 10 inner-circumference section is separated from a connection 20. 
[0079] While the up core layer 6 is formed on the 1st organic insulating layer 17 and the back end 
section 6a side is joined to the top face of a connection 20, point 6b is joined to the top face of the up 
magnetic pole layer 23, without exposing to magnetic-disk opposed face 61b. The plane of composition 
of such the up magnetic pole layer 23 and the up core layer 6 is formed in the height of datum level S. 
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[0080] While the up core layer 6 is magnetically connected with the lower core layer 7 through a 
connection 20, it connects with the up magnetic pole layer 23 magnetically, and after flowing to the up 
magnetic pole layer 23, the magnetic flux from the up core layer 6 results in the lower core layer 7, and 
returns from a connection 20 to the up core layer 6. 

[0081] For RF record, it is desirable to result [ from the up core layer 6 ] in the lower core layer 7, to 
shorten the path die length (magnetic-path length) of the magnetic flux which returns to the up core 
layer 6, and to consider as a low inductance. 

[0082] In the gestalt of this operation, the die length of the up core layer 6 formed very much in a 
periphery from volume core 10a of the 2nd coil layer 10 is shortened, and since the height direction 
spacing (LI) from a connection 20 to magnetic-disk opposed face 61b is short, it is short magnetic-path 
length. 

[0083] Point 6b of the up core layer 6 is the inclined plane where end- face 6c by the side of magnetic- 
disk opposed face 61b separates from magnetic-disk opposed face 61b gradually in the direction of 
thickness from the up magnetic pole layer 23. Such point 6b of the up core layer 6 can make large a 
plane-of-composition product with the up magnetic pole layer 23, without exposing to magnetic-disk 
opposed face 61b. Thus, if the plane-of-composition product of the up core layer 6 and the up magnetic 
pole layer 23 is large, the magnetic flux of the up core layer 6 will flow efficiently to the up magnetic 
pole layer 23 side. 

[0084] Moreover, as for point 6b of the up core layer 6, it is desirable that the include angle phi of end- 
face 6c and the top face of the up magnetic pole layer 23 to accomplish is more than the include angle 
theta of inclined plane 17a of the 1st organic insulating layer 17 and the 2nd inorganic insulating-layer 
15 front face to accomplish. If the include angle phi which end-face 6c of the up core layer 6 and the top 
face of the up magnetic pole layer 23 accomplish is formed smaller than 60 degrees when the include 
angle theta of inclined plane 17a of the 1st organic insulating layer 17 and the 2nd inorganic insulating- 
layer 15 front face to accomplish is 60 degrees, since the volume of point 6b of the up core layer 6 will 
become small, the magnetic-flux transmission efficiency from the up core layer 6 to the up magnetic 
pole layer 23 gets worse. 

[0085] Moreover, as for the width-of-face dimension of the direction of a truck of point 6b of the up 
core layer 6, it is desirable that they are about 2 to 2.5 times of the width of recording track Tw of the up 
magnetic pole layer 23. If it is this range, when forming the up core layer 6 in the top face of the up 
magnetic pole layer 23, it is easy to pile up certainly the top face of the up magnetic pole layer 23 into 
the width-of-face dimension of the up core layer 6, and it can pass efficiently the magnetic flux from the 
up core layer 6 to the up magnetic pole layer 23 side. 

[0086] In addition, if the lower magnetic pole layer 21 and the up magnetic pole layer 23 have saturation 
magnetic flux density higher than the lower core layer 7 and the up core layer 6 still more preferably, 
magnetic flux will concentrate near the magnetic gap layer 21. 

[0087] Next, the manufacture approach of the thin film magnetic head of this invention, especially the 
manufacture approach of the recording head section h2 are explained using drawing 19 from drawin g 4 . 
A detached core 5 is formed after forming the reproducing-head section hi, and the lower core layer 7 is 
formed in the front face of a detached core 5. 

[0088] Next, like drawing 4 , after forming Gd arrangement insulation section 27 in the predetermined 
location of the front face of the lower core layer 7, the 1st resist frame 30 is formed on the lower core 
layer 7 like drawing 5 . 

[0089] The 1st resist frame 30 has window part 30a opened wide at the magnetic-disk opposed face 61b 
side, and the width-of-face dimension of the direction of a truck of window part 30a serves as the almost 
predetermined width of recording track Tw. Moreover, the part by the side of magnetic-disk opposed 
face 61b has exposed Gd arrangement insulation section 27 from window part 30a of the 1st resist frame 
30. 

[0090] Then, sequential formation of the lower magnetic pole layer 21, the magnetic gap layer 22, and 
the up magnetic pole layer 23 is carried out by the electrolysis galvanizing method on the lower core 
layer 7 in which the 1st resist frame 30 was formed. 
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[0091] Since the magnetic gap layer 22 is non-magnetic metal which can form membranes by the 
electrolysis galvanizing methods, such as NiPd, at this time and the lower magnetic pole layer 21, the 
magnetic gap layer 22, and the up magnetic pole layer 23 can be continuously formed by the electrolysis 
galvanizing method, a production process becomes simple. 

[0092] After forming the lower magnetic pole layer 21, the magnetic gap layer 22, and the up magnetic 
pole layer 23, the 1st resist frame 30 is exfoliated like drawing 6 . 

[0093] After exfoliating the 1st resist frame 30, according to an ion milling process, the width of face of 
the direction of a truck of the lower magnetic pole layer 21, the magnetic gap layer 22, and the up 
magnetic pole layer 23 is shaved off, and it forms in the predetermined width of recording track TW. At 
this time, an ion irradiation angle is about 70 degrees to the upper part and the direction of thickness of 
the lower magnetic pole layers 23 and 21 . 

[0094] Next, a connection 20 is formed in the predetermined location of lower core layer 7 front face, 
and the inorganic insulating layer 8 of a wrap 1st is formed even for the top face of the lower core layer 
7, Gd arrangement insulation section 27, a connection 20, and the up magnetic pole layer 23 like 
drawing 7 . 

[0095] And spatter membrane formation of the Cu substrate film 31 for forming the 1st coil layer 9 in 
the front face of the 1st inorganic insulating layer 8 by the electrolysis galvanizing method is carried out 
like drawing 8 . 

[0096] Then, the resist film used as the 2nd resist frame 32 is applied, exposure and development 
remove an exposure part for this resist film in the configuration of the 1st coil layer 9, and the 2nd resist 
frame 32 is formed in the front face of Cu substrate film 31. 

[0097] And Cu plating film is formed on Cu substrate film 31 with which the 2nd resist frame 32 was 
formed, and the 1st coil layer 9 is formed in the field surrounded by the 2nd resist frame 32. 
[0098] Then, like drawing 9 , excessive Cu plating film and excessive Cu substrate film other than the 
1st coil layer 9 are removed, and the 1st coil layer 9 is completed. 

[0099] After forming the 1st coil layer 9, the organic insulating layer 25 of a wrap 2nd is applied for the 
1st coil layer 9 with a spin coat method like drawing 10 . this time - the 2nd organic insulating layer 25 
- the coil of the 1st coil layer 9 - a conductor - the gap of a between - entering - a coil - a conductor 
-- an equivalent thickness dimension is certainly buried in the width-of-face dimension of the gap of a 
between, therefore, the conductor of the 1st coil layer 9 - crevice 25a of the 2nd organic insulating-layer 
25 front face formed in between will become shallow. 

[0100] After forming the 2nd organic insulating layer 25, the 2nd inorganic insulating layer 15 is formed 
by the spatter like drawing 1 1 . While the 2nd inorganic insulating layer 15 covers the 2nd organic 
insulating layer 25 at this time and burying crevice 25a of the 2nd organic insulating layer 25, it is a 
wrap about the up magnetic pole layer 23 and a connection 20. 

[0101] Since crevice 25a is shallowly formed when the 2nd inorganic insulating layer 15 buries crevice 
25a of the 2nd organic insulating layer 25, the 2nd inorganic insulating layer 15 is formed without an 
opening in crevice 25a. 

[0102] Temporarily, when deep and crevice 25a of the front face of the 2nd organic insulating layer 25 
forms the 2nd inorganic insulating layer 15 by the spatter, an opening may be generated in the 2nd 
inorganic insulating layer 15 that the 2nd inorganic insulating layer 15 is hard to be formed in the part 
which became the shadow of the 1st coil layer 9 (the shadow effectiveness). 
[0103] CMP (Chemical Mechanical Polishing) processing is performed on the top face of the 2nd 
inorganic insulating layer 15, the up magnetic pole section 23, and a connection 20 after forming the 2nd 
inorganic insulating layer 15, and like drawing 12 , the same flat flat 'surface is processed and let the 
front face of the 2nd inorganic insulating layer 15, the up magnetic pole section 23, and a connection 20 
be datum level S. 

[0104] At this time, since the 2nd inorganic insulating layer 15 is formed sufficiently thickly, the 1st coil 
layer 9 is not exposed from the 2nd inorganic insulating layer 15 with CMP processing. 
[0105] Like drawing 13 after CMP processing, spatter membrane formation of the Cu substrate film 33 
for forming the 2nd coil layer 10 in the front face of the 2nd inorganic insulating layer 15 by the 
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electrolysis galvanizing method is carried out. 

[0106] Then, after applying to the front face of Cu substrate film 33 the resist film used as the 3rd resist 
frame 34, exposure and development remove an exposure part for this resist film in the configuration of 
the 2nd coil layer 10, and the 3rd resist frame 34 is formed in it. Since the front face of the 2nd inorganic 
insulating layer 15 which forms the 3rd resist frame 34 is flat at this time, patterning of the 3rd resist 
frame 34 can be carried out to an exact configuration. 

[0107] And Cu plating film is formed like drawing 14 on Cu substrate film 33 with which the 3rd resist 
frame 34 was formed, and the 2nd coil layer 10 is formed in the field surrounded by the 3rd resist frame 
34. 

[0108] Then, like drawing 15 , excessive Cu plating film and excessive Cu substrate film other than the 
2nd coil layer 10 are removed, and the 2nd coil layer 10 is completed. 

[0109] After forming the 2nd coil layer 10, like drawing 16 , the organic insulating layer 17 of a wrap 
1st is applied with a spin coat method, the 1st organic insulating layer 17 is exposed and developed by 
the photolithography, and patterning of the 2nd coil layer 10 is carried out so that the up magnetic pole 
layer 23 and the top face of a connection 20 may be exposed from the 1st organic insulating layer 17. 
And inclined plane 17a is formed in magnetic-disk opposed face side 61b at the 1st organic insulating 
layer 17. 

[0110] After forming the 1st organic insulating layer 17, in order to form the up core layer 6 by the 
electrolysis galvanizing method, spatter formation of the permalloy substrate film 35 is carried out on 
the 1st organic insulating layer 17, the up magnetic pole layer 23, and the top face of a connection 20. 
[01 1 1] Then, the 4th resist frame 38 which surrounds the rim of the up core layer 6 as shown in drawing 
19 is formed. As the mask 37 for forming the 4th resist frame by the photolithography is shown in 
drawing 18 , the part corresponding to the configuration of exposure partial 37a and the up core layer 6 
in the part which it should leave as 4th resist frame is protection-from-light partial 37b. 
[01 12] In the exposure process of a photolithography, a mask 37 is laid on the resist film 36 formed on 
the permalloy substrate film 35, and an optical exposure is carried out from on a mask 37 at the resist 
film 36. At this time, as shown in drawing 18 , under exposure partial 37a of a mask 37, inclined plane 
17a of the 1st organic insulating layer 17 is, and as shown in drawing 17 , scattered reflection of the 
incident light to the resist film 36 is carried out to the magnetic-disk opposed face 61b side with the 
permalloy substrate film 35 formed on inclined plane 17a of the 1st organic insulating layer 17. 
[0113] There is little range from which incident light leaks, and although the incident light by which 
scattered reflection was carried out leaks also to the resist film 36 under protection-from-light partial 
37b of a mask 37, if the tilt angle theta is 60 degrees or less, the resist film 36 will be mostly exposed as 
the pattern of exposure partial 37a of a mask 37, so that the tilt angle theta of inclined plane 17a of the 
1st organic insulating layer 17 is small. 

[01 14] And the exposed resist film 36 is developed, and if the part which the resist film 36 shaded is 
removed, the part which the resist film 36 exposed will serve as the 4th resist frame 38 surrounding the 
rim of the up core layer 6. 

[0115] Thus, if it leaves the exposed part and the part which shaded is removed, the cross section of the 
4th resist frame 38 serves as a configuration [ as / whose root Motobe is narrow as shown in drawing 
19 ], and the 4th resist frame 38 serves as an inclined plane where the wall by the side of magnetic-disk 
opposed face 61b separates from magnetic-disk opposed face 61b gradually in the direction of thickness 
from the up magnetic pole layer 23. 

[0116] The permalloy plating film is formed on the permalloy substrate film 35 with which such 4th 
resist frame 38 was formed, and the up core layer 6 is formed in the inside surrounded by the 4th resist 
frame 38. 

[0117] At this time, end- face 6c of point 6b of the up core layer 6 becomes the inclined plane which 
separates from magnetic-disk opposed face 61b gradually in the direction of thickness from the up 
magnetic pole layer 23 in accordance with the wall of the 4th resist frame 38. 
[0118] And the 4th resist frame 38 is exfoliated and the excessive permalloy plating film and the 
excessive permalloy substrate film are removed. Thus, manufacture of the recording head section h2 is 
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ended. 

[0119] Next, the drive of the recording head section h2 of the thin film magnetic head of this invention 
is explained. At the time of the drive of the recording head section h2, a record current is impressed to 
the 1st and 2nd coil layer 9 and 10, and a record field is guided to the upper part and the lower core 
layers 6 and 7 according to a coil current. 

[0120] Since the direct current resistance of the 1st and 2nd coil layer 9 and 10 is low at this time, there 
is little loss of the power by the 1st and 2nd coil layer 9 and 10, and it can guide a record field to the 
upper part and the lower core layers 6 and 7 efficiently. 

[0121] The record field guided to the up core layer 6 flows in the up magnetic pole layer 23. And a 
record field leaks in the magnetic gap layer 22 between the up magnetic pole layer 23 and the lower 
magnetic pole layer 21, turns into a field, has the width of recording track Tw, and is given to a 
magnetic disk. 

[0122] Since the back end section of the magnetic gap layer 22 touches Gd arrangement insulation 
section 27 at this time, a record field is given efficiently to a magnetic disk, without producing the leak 
field between the up magnetic pole layer 23 and the lower magnetic pole layer 21 in the back end 
section side of the magnetic gap layer 22. 

[0123] If the thickness of the up magnetic pole layer 23 can be thinly formed at this time, the distance 
from the up core layer 6 to the magnetic gap layer 22 is short, and magnetic flux can be efficiently 
passed from the up core layer 6 to the magnetic gap layer 22. 

[0124] Moreover, since the lower magnetic pole layer 21 is projected and formed in the up magnetic 
pole layer 23 side from the lower core layer 7, it leaks in the upper part, the lower magnetic pole layer 
23, and the magnetic gap layer 22 between 21, a field occurs, it leaks between the up magnetic pole 
layers 23 in the lower core layer 7 which separated from the formation location of the lower magnetic 
pole layer 21, and a field cannot generate it easily. Therefore, write- fringing can be controlled and it can 
consider as the thin film magnetic head which was more suitable for high recording density-ization. 
[0125] Moreover, if inclined plane 7b is formed in the lower core layer 7 which separated from the 
location of the lower magnetic pole layer 21, spacing with the up magnetic pole layer 23 will spread as 
such inclined plane 7b of the lower core layer 7 separates from the lower magnetic pole layer 21. 
Therefore, between the up magnetic pole layer 23 and inclined plane 7b, it is hard to produce a leak field 
and write-fringing is controlled. 

[0126] On the other hand, since the up core layer 6 is not exposed to magnetic-disk opposed face 61b, 
the width of face of the record field by which the magnetic flux from the up core layer 6 is not given to a 
magnetic disk, and is given to a magnetic disk turns into the width of recording track Tw. 
[0127] In the thin film magnetic head which can respond to high recording density-ization, in this way, 
write-fringing is controlled and the width of face of the record field given to a magnetic disk is wanted 
to be the width of recording track Tw. 

[0128] Moreover, since the path of the 2nd coil layer 10 is small when the magnetic flux from the up 
core layer 6 results in the lower core layer 7 and returns from a connection 20 to the up core layer 6 after 
it flows to the up magnetic pole layer 23 Since the die length of the up core layer 6 formed very much in 
a periphery from volume core 10a of the 2nd coil layer 10 is short and the height direction spacing (LI) 
from a connection 20 to magnetic-disk opposed face 61b is short It is short magnetic-path length, and it 
is a low inductance and can respond to RF record. 

[0129] In addition, although the lower magnetic pole layer 21 was formed and write-fringing was 
controlled with the gestalt of the above-mentioned implementation, the direct magnetic gap layer 22 
may be formed in the front face of the lower core layer 7, without forming the lower magnetic pole layer 
21. 

[0130] In addition, although the gestalt of the above-mentioned implementation explained the combined 
head equipped with the recording head section h2 on the reproducing-head section hi, the thin film 
magnetic head of only the head section h2 for record is sufficient. 
[0131] 

[Effect of the Invention] The up core layer to which the thin film magnetic head of this invention 
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counters a lower core layer and said lower core layer, The up magnetic pole layer which it is prepared 
between said vertical core layers, and is joined to said up core layer, This up magnetic pole layer, the 
magnetic gap layer which intervenes between said lower core layers, and said up core layer and the 1st 
coil layer located in said lower core layer side rather than the plane-of-composition height of said up 
magnetic pole layer, the 2nd coil layer located in said up core layer side rather than said plane of 
composition — having — said 1st coil layer -- a coil - a conductor — the coil conductor thickness 
halfbeak of the 2nd coil layer also has thin thickness, such the thin film magnetic head - the coil of the 
1st coil layer — a conductor — since sufficient spacing can be opened and the 1st coil layer can be 
formed by making thickness thin from the plane-of-composition height of an up magnetic pole layer and 
an up core layer, the insulation between the 1st and 2nd coil layer is secured, and it is reliable, and can 
respond to high recording density-ization by making an up magnetic pole layer thin. 
[0132] The process in which the manufacture approach of the thin film magnetic head of this invention 
forms the organic insulating layer of a wrap 1st for said 2nd coil layer, this - with the process which 
forms the resist frame surrounding the rim of an up core layer on the 1st organic insulating layer It has 
the process which forms said up core layer in the field which this resist frame surrounds, and said resist 
frame exposes and forms in the configuration of said resist frame the resist applied on said 1st organic 
insulating layer. By such manufacture approach of the thin film magnetic head, gradually, the end face 
by the side of the magnetic-disk opposed face of an up core layer can form in the direction of thickness 
so that it may be the inclined plane which separates from a magnetic-disk opposed face. 



[Translation done.] 
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[0049] ±.®mm2 3<7>±ffi?)i«$(i. S8HE2 
Otf>JbHW>*Si:-*l/CtJD, ±»«««2 3tf>± ■ 

bk avsa«»2o<o±iB**tr¥iB*. a^Bst-r 

6. 

[00 50] Ta53Tg7Ji, A 1 ,0 8 **»6$r4»l 

ffiBKlMt. C uf OMifiW^SS 1 <^3>f ;H 

[00 51]SlW^H9lt -spffi^AM 
T'&D. *#«>9a*t. «H»2 0fcifi»LT. (37 
8a*»2 0£<W>i:l/C*l3l$*Vt^*. 4fc, 
3^H9I1 WB#GdfciW^2 7i:ifi***J: 
3WMW*lT. «IIg82 0kGdifci6ifeJ*g|52 7i:?> 
HHW. Jiff, ^103>f^Jg9<0*g^ffii:^oT^ 

[00 52] £l*>34/l'J|90>3'fA4IMI (»l*> 

-f A^HWBMii. 2 0 *6 G d ^Jfe^ 2 7 O 

fate, »l^)3-f;HI9)Wifl»r**iR*«)-3T»lS$ 

$ O-f;W»«c<0BW*Hrtft) tt. SRl<03>f;U19 

[0053] ^1^3^^9{±. 34/U5ft*g 
^tffi. &tf34/N£i*JISi1&!></h$-f£'i>k. E8ttt 
<koT, SI <03>f/i.S9<03>f ji** 

<@^t 3^ywi*wsia«cwe*n<ri"Wujr=sr^ 



■f. Blitf. 3-OWWI*htifea t l. 7/xmgJK. 34 
/WM»S-*&&*1. 5/mg*KRJS3*t4. 4fc. 
34/W»fWfflR»i. 1. 2jumfi«fc:8jgS*VO>&. 

•kojs&o. 7/<mja±w3-f/w»*iaiHi-cjMifcr, 
[0054] ;#yvmm. ss^ii* y>r $ ka^s 

6SR20W&&MU1 2 5ti. SS14>34/m9££oT 
£<Di:*, ff2WMmiMi2 5«>IE]BlC(i. IR 
l«3'f/H9034/W»fHHfc:*jir*"C. DflgB2 5a*< 

[00551 IB2«*IWe»l25J40fl»25a3&«ai< 
**J:3fc:»JfcS*lT. SR2<OW«SffitiJf2 50)SRl<') 
3>f/M»*iait:*j»t*WStt. fRl<03>f/H9<D34 

S 9 <r>a 4 ;WWU:fc»*SfufcJB 2 w£flS*fe&Jf 2 5 
commit. «BBSfc<0+»*IBHtfla*L-CV>6. 
[0 0 56] ^2co^r«^«2 5tt, mi<034;H 
9*>**<M>*9 aDffiffC8ffi2 5 b**L. »* + 
<fr»9 ali, *20#tlttllM2 505£gB2 5 b*>feH 

[0 0 57] Al 2 O,^&&*JR20ftll«IMl 5 
tt. x>t**ttfcJ:OlMISftT. »2«#W6IW2 
5<0*lBO^MS-|I-7-C^I). ^20ilfi«fe^ll 5 
tt, mi034/H9W34;P?l#:^fcV^T. 3S20 
«flttfiKJI 2 5 2 5a J: 3 fc&f&Ztl 

h. 

[0 0 58] ZCOtZ, m2c0GWiMm2 5C0W®2 

x. m2coi*mmmi 5tw,i<r>$mmm&t<nffi 

Wrtmt* ^i<034;H9c034;m«SIPi^ffi«kO 
t**v\ i«J:3*»2<^ifflMeiHil5tt, »1« 

3>OWf 9^34/l^ttia(Ct>VVC<K SM^T<^)«§ 

[00 59 3 4^:, S&204HSffel*Sl 5^±B(i. S 
Jiffi s k -a LT Yffl^iS^iiT . m2<r)m®imM 
1 5^JfJi, m2<0*«l6»ig2 5oaffi*«mffiS 

t+ttM.tix^&cox\ +ttm^i>cot%'>x^&. 

[00603 ZCOX o fc. KJ?<OJ?^m2C0*E{S«SJi 

1 5T-J4. ^2^iiis^yii 5co±mm®Lx. m 

*izzm2 mwmm 2 5 2cnmmm 1 5 
w«ffitsaj-t s i t < . jr 2 oinstfeisJi 1 5 

[0061 3 ttz. m2commmmi 5(i, mi<03 

4;H9<7)^54'^a59a<0{iS(^gl51 5 aSr^L, 
^l<034/H19<0^#4"C^9a{±. m2c7)il«|^ 
M 1 5<OJggRl 5 a*>^Ha5l,T^I>. 
[006 2 3 g*ffiST'*>!>82<9&H8*£&Jf 1 5<0^ 
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Qtmti&lxX^h. 82034/Wll 0(4. 

4 yimttxh o . i o a«%«sat2 o«os± 

tifittLT. ISQ1M»2 0OK±(4I«iM4>1 Oa 
[ o o 6 3 ] 82 <on 4 l o<r>m* 1 0 a 

(4, »20*MWftlMil 5<0«»1 5a, 820«6 
*12 50)J8»2 5b£#l,T. 81034/H90& 
#ftM>9aktt^$*VC, mi tJH2^3-f/H9. 1 
0(4. ■HfcJJWSflTH*. 
[00 64] <I04 35r82034/Wll 0(4, BSl-f 
4 A?*t[6]ffl6 1 bfr&JJf£IHI»*IBTT»Jft5*iV> 

ft. »2«a-f^Jiio^fli*»4>Ba»7*-f^^wmffi 

6 1b 4 WW h*i*KOlHBRi. 820i9r£-t£ ( L 
2) fcfcoTH*. f££-fft4?(C. »2<OBH&tife 
(L2) £fcftS£J;Lkk-fft.rkfc:i»h -kgS37Jf 
6c^«. ftS£IEilt;:«Jl£LT. flo, ±g&37«6 
k»2*>3>f;Hl0ia«\ WWdttH-ftil:*'?* 
ft. *2<OJ3fJ&+fc (L2) (4, «itf. IOmitiSS 
Ci8£§ftft. 

[00 6 5] 82034/lJll O^fflfr&a&r'* 
?*ffiffi6 lbtWW h*-f6]^S2<7)mSOPra (L 
2) 14. 81W3 4/IW1 9<om*^^7MX?*fft 
H6 1 bSWW htffifaili') t*#<l&g£ft 
ft. HI, S2«3^;H9, 10O£##4>9a. 1 
Oate-aLT^ftA^. S2(O3^;Hl0<^)gli. 

8 1 o 3 a ivm 9 comx o t>/h$ < i-ft ft . 

[0066] iot. 82<D34/Wf 1 0(4. 8103 
4 /H 9 4 0 i$iM(38ei&«$9t£»j£ LftJtti 

a^h-r. m2<r)?4 jumi ocoaj >m#m (820 
mamm 1 5<r>wnzmh 3 4 /i^tton^ > 

(g. 3>f;l^«aia(4. 81 tf>34 ;H9W3^l^«fl! 
6. 3-f;m*fflI»J:0fclllE<»«S*i"CV^. 
[0067] ^<04atC 82034/^110034^ 
»*Wlk34iM»tWtfe**<-tfti:, 82034/Hi 
10Og5r/h$<^-rftCh* { T'#ft. 4oT. 82 
034/WS1 0Og£tH>gSl 0 a:ft>6ftntc£o-C# 
Jft3itft±«37«6<0*$a<MIB3:h.T, ifcttWH 
2 0*>4>18$vf 4 A?*tflH6 IbiWW hUMR 
■ (L 1 ) aWfilWC. SffilS&^T-J>0 . ffltf y*"?> 
yxT'fcO. WffljftEIWcJti&tftCkJ&T**. 
[00 683 — 8203 4/Wfl 0(4. a-4 Jl4Mc 
S$ <3>f;l**OflW#|l!rt1£> iK 81034/PS 
9034/i^ttW$49i>W<^j££ftTfc9. 34/U 

ft. 

[00 69] 82<03>f;w®(4. zujimm 

tflumWK. 3 4^»(*:EI{i*U^mgg-C'JbO. 3 
[00 70] 4£. 82«>a4/Wil0jWR£S*lfcS 



igffiSA>£>(4. 8103 4/PJf 9J4+^WiT^J»St£it 
tuSW. 8iO34;u«9t82c034/Pfli Ok 
OHBB4. «l+i*9a. 1 0 aWC{4«3S(Ctt» 
£ftT. ftJSttOigniOk&oT^ft. 
[0071 ] C04-5$r81, 82<034/W19. 10 
(4. 81O34^*9O34;P3l*Ji:§<082<7)34^ 
« 1 0 O 3 4 tWffl* $ (C*ff ft it*< 0 . 8 MTX-htl 
(f. 82034/Wf lO£ffiit8Sfiffik1-ft4d(;:82 
034/U11 0O34/U##JI£$rfiM$U:44. 81 

03 4;H9<034A*fMS£«< UC. 81k82 
034/H9. 1 OcOHHc, +^SESSriS(tft^k* { 
■C*ft«**»Wi(c3aiift. 

[007 2] 4£. 81, 82034/H9. 10(4, 
81034^ii9034;W2W*ali082034;Hl 0 
034/U5fttf(C*ttftJt#l. 2J*Lt?**Uf. 81 
034/Wl903>r/l'5fWS$£iS< LT<>. 8103 

4 )VM 9 frffiliSSfiik-r ft 4 o (C8 1 03 >f /ujf 9 <r> 
a>f;WWMB*«»U:*4, 82O34;Hl0O3 
4/l/$#iH£$< t/t, 82034/Hi 0c7)&£'h£ 
< t ft £ k #T'£ ft^ma^raitgyift . 
[0073] J #y -y ?gUH^tf U 4 5 F«Ult**>V 

1 5(Ommzti^X. 82«34;H1 OSrSoTfc 
0. 82034/PS1 0O34/Pgftll£iItf>T^ft. 

8 1 o^ssife&JB 1 7 (4. ±saa©i 2 3 o±ak^ 

S52 0O±ffiW4^$^-Ct>^T. 810#$ffcliJI 

1 7com^r^^Jtt6]BB6 1 bfflcD5fciiS(4. ±m& 

®2 3 mmtxmnztix v ^ft . 

[0 074] 810^<g^MW170jamr'fX 
^^(6l®6 1 bffllti. li^^rifijtL^^oT. ffik. tt 
£vf 4X?*f[*]Bn6 1 b*>4>Jt^ft4 3=5rfSffffll 7 a 
*^J«$<l-CV^ft. 

[007 5] Z<D£o%immi 7a*<, S^BSt'S) 
ft820*l8Setiyil SO^Bkfig-r^S^Sr^Mc 
iBMW-ftfcttfctt, 82034;P®1 0O^*»t±a5 
«®12 3 4-C<0faH^§<LT. BP*>. 82034 
;H1 0O^*»<c>e^T-f X^^I*]®6 1 b4T'08 
2<omfrt& (L2) 5-^^< tT. 82034/PJS1 
0 Ottffl* 68 1 O^tl^l 1 7 0±aflKfiUf 2 3 (C 

2awft*«»* T»rat«r*< tft . 

[007 6] mmi 7a*<. «JiES-CJ>ft8204E 
t8&&B 1 5c^Hkfi£-r«S^ii. 6 0- WTT'J>ft 

ikiWF4U\ mmkm&mwizte^x&i&z 

3(C. ffl^ffil 7 aO»^BSkfi!t-t^(S^* { ^§V^J 

k\ hmrmewg.. mmiim^mm-h^tti' 1 

X'th. 

[0077] «ffffll 7 a*!, S?flffiS-ej>ft820te 
ffiilfiM^ 1 5 OjSffik BK-fftJK^ ^^j&^c-T ft k . 8 

2 03 4 /i>« 1 0 o*maa5 1 0 b 0 8 2 mmm 
mmi7v>mzwmbizm<%s>zttf%<. 8iow 
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^HIOWISJ:. Wkizm&th z b tfX'Z i . 

[00 78] ^2<n^Mim\o<r>zi^)vmw 

ffi. 3-f/WI«5iaPBS:*<-rftifcCJ:9, S^OS'T 

;n i o nmfewm 2 0 txmmh z t # 
U20frbm?)i. S2^>f/ni ocDfimn&i 0 

c 1 OttlMl 7 Wf<*6 i k 

*lWlftlMil7±fcJBlSS<xfc±i53T«6i: 
SS2034/W11 OSr. 5»fc:«liW-*ii:*«7**. 
[00 79] ±S53T/16li, 3Sl<0*igUe*iJll 7_t 

1 blcSaj-fSC: fc&< . 1MI12 3c7)±ffi(c^ 
Sixths. C<^J:d&±g|!8ffiJl2 3fc±a53 7Jl6 

[0080] ±SB3TJ16kL »R»2 0£rtl/CT» 

3re7kiK^6<)t^$^ktt>{:. ±mimm2 

«. ±S&Bi©f 2 3^ks£*l*:&. T»3r«7(cS 
0. ftWS2 0*»fe±«3rJi6t:RiJ:ot=SroT^ 
6. 

[0081] mmmmcotzMzii^ iM^rme^h 
$ mm) £S<lt, fi^y^^yxk-tsit 

[0 0 82] #flte<9^JRfcfcVvC. jfS2034/M|l 
0<9&#+4>g&l 0 a*»^HfcS->T»lfiSil*±» 
3TJ1 6<7)H$A«$*VC. 2*:. JgJg&2 0rt>*>Bi 
m-f 4 X?#|6]ffi6 1 b iWvf h^[6iraPi (LI) 

[0 0 83]±S53T®6<7)5fe3Sa56bJi. HSvf 
^W(6]iB6 1bffiyo«M6c*i. ±gRa®i2 3*^IS 

Xozmmtzix^z. z<r>ir>^±.uormea) 
5tJS956b{i, m%r<x?n\m(>ib£n\i>,thz 
t%<. i&at&m 23b cr>®izffimt:& <-tz>zbtf 
x'$z. z<r>xo{z±.uormeb±.ummm23b<n 
n&mm&^b* ±*37Jf6*>a»tt, ±s5sa©i 

2 3«^i:»*J:<**i*. 

[0084] ±.&3T®6C0ittm6bit. JftfB 
6cb±mmm2 3<r>±.Wb<r>mft&4>t>K SsSlO 

GM&mi7&mmi7 ab&2(omtmmi5 
$mb<r)f$L?ft&e&L±.x-f>&zbmin.\ mico 
nwmmi 7(omm 1 7 *b%,2<n>mmmm 1 5 

S*ffifc<0j£-f£g<9#6 0- T'S>l>i:£. ±Sf37JI6 
<04g®6 c k±S8*^2 3O±ffi<0f£-ffcJ£^6 0 
* £*)h>bZ<BJ8.ZtlZb, ±gi53Til605feSSgB6 
b<9ft«#/h$ < %h<?)X\ ±&-3TM6frt>±&®& 
M2 3 "sffMXGSOtmmfcri . 



[0085] ttz. ±Sf3T16«5fe«SB6bOh7-y 
^*m^)«-tffitt. ±.aU«tt«2 3<0h5 7^«T.W 
2~2. 5&mi£Th&Zbi)W£H\ ZO&MX'h 
ill*, ±a53T®6 £±g&S8©f 2 3«±Bit^j£-rS 

fc*. ±a5»®i2 3<7)±ffl?r, ±snorme<n^^m 

Mzimiz&tzhZ b t>m%X'h 0 . *fc. ±*37JI 
6 36»4,«»JRSr . ±tfttffil 2 3 OBtc^J: < tittZ b 
WX'ZZ. 

[0086] $4>£#4L<li, T$H©12 1 
^iMil2 3*«, Ta53T«7^±a53T«6J:0 

vrJI2 10ififlWcm«W-6. 

[0087]^ ^fmmgmsii^y H^^t* 

ttfc, E»^yF*h2<»)llJft*i££, H4*»4>H 
St«5£i£IB§LT, ^(SU150M^ TgB37J!7£ 

[0 0881 H4^>J:d(C, T^3TS7<0^ffl 
^BrSfiSt G d&tf>$fc|*gB 2 7 ZBfc Lfc«L 0 5 w 
J:3fc. T«3TJH7±{C. ^l^U^'Xh71^-A3 

[0 089] mi<0]y^Xh7U-A3 0l,±. W5Srr4 
X^*f|6jffi6 1 b|fl£RtK3*uH&83 0 a*#l/C*» 

o , &&3 oa«oh7 7 ?#ifi]4)<rrate, uj? , 

2 7(±. mmr-fX^MlfilHe 1 bfflc98fcftA\ »1« 
3 0 cDjgSB 3 0 a*^HiiJ IX V >S . 
[0090 3 m^X. W,\<nWXY-7\s-k.3Qtfffi 
fcZtitzTSt3Tm7 ±fc. T95Ja®i2 1 . ia^^-r 

[0 091] d^k$, a»df + v7 , JB2 2li, NiP 

*»4>, TSI5£B®I2 1 , ffl^dfA' yrJ12 2 . ±.ffi8M 

T*# h<T>X\ W&IMfiMW&t h . 
[0092] TIN8M2K ««^-vy7'«2 2, ± 

xhy\s-J»3 0*Mm-&. 
[0 093] 10W^b7P-A3 0frMNIL^ 

4 # > s y vttwz J: o . Tanaaii 2 1 . am 

«f*77|2 2. ±tfflBSfl2 30>h?<y^^TA^)M^ 

* > ?r>«isw«i, ±*» TS5ia®i2 3 . 2\<m 

mifftizftLXi5J:*7 0- X'foh. 

[ 0 0 9 4 ] mz, T^37«7^ffl<7)i9r£ftgtJfi& 
§52 0S:^)i)tLT. 07<OJ:3t, T§?3T®7. Gd 
m>t&m 2 7 . |g&S52 0at^±gl5Bi«Sl 2 3^)±ffl 
it'SrSdm 1 <7)*Sfia*gf*!8 S-^fiK-f?. . 

[0095] LT s 08Oj:d{c. mi^i^g® 
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[00 9 6] «WC\ CuT«S)S3 KOmmz. W>2<T> 

[0097] ^L-T. ^Ol^'Xt^l— A3 2tW& 
S?tiitCuT«3 l_hfc:Cufto&R£j£Bll/C. 
S2c^:AXb7^-A3 2tH£;fc^$fi(C. m 

on 4 ;H 9 

[00 9 8] gftvt. 09Oj;dK. S5K934/H9 

£LT. 3Sitf>34/WB9a^j£t£. 

[00 9 9] *ltf>34*'JB9£#jSU;». 01 0<7) 
J;3fc, »l<03>f/UJf9*«a»2OW«ieiiW2 5 

W«lfeiiJl2 5li. Sl<03>f;H9<03'f;u««s|Blo 
$2 5 a{J. ?t^t?)fc$rl>. 

[oioo] m2cr)nmmm2 5 zB&Lfd&. 0 1 
jsbw-*. %2cr>m$mm 1 5«, S20 

*«^8il2 5SrSoT. S20#«g|gS#JI2 5tf« 
2 5a2rffl^l»fcfctt. ±M&®i2 3. &SBP2 0 

[0101] JfttOlEttKttJI 1 5#Sf2^&WWM 
2 5 WE1SP2 5 a fc § . DflgP 2 5 a#SK 0lft 

SflT^StfrC. ^2<7)ii«I^Sl 5li.-D3»2 5a 

[0102] ffifc. S2<DW«t*&fciJf 2 5<0»9[H]SP 
2 5a»^. %2<0HlW&tMl 5Sr^N->y^tC 
J:9J&j£-t6fc£, &l<034;WB9<Og?£*ofca5# 
fctt. S2<o*stlSffci#/Il 5jWB«3*Uc<< <v*K 
. ^2^*S^Mi«15^^4l:l>^fc* i 

[0 10 3]IB2«)JlWe»Bl5*jSita. I2<0* 
8Sf&J*l 1 5 , ±mm$2 3 , 2 0 WjJBfcC 

MP (Chemical Mechanical Polishing) Jnl£frV\ 
01 2*>i3£. S2«g*fe&Jll 5. ±a558ffig|S2 
3, &«a52 0<9gliBS\ ¥tt«rPI-¥IBtlnlLT« 

[oio4] z<Dtz. &2(omwdmmi 5ii+ttm 
/H9A*m2<9i&ttBeiiWl sa^sas-rsci:* 1 * 
[0 10 5] CMPjmoa. 01 3^>i9fc. 3l2tf> 

«nwftiMi snaffle. *2*>3-r/wii o*«iw> 



[0 106] «Wt. CuTJfiJS3 30*BtC. Sj53cO 
US/'X h 7 V-A 3At-th\/i/X hMSr^ffi Lfcfft, 
£<01^".XhK*, S2034/H1 0<0»#KfBK» 
««t±0S*»»*Hi*L-C. m3<D1^7.b7l/- 
£.3 4&J&J$Zt&. S3cOU-^Xh7l/-A 
3 4*»lS-f 4*2<0««ieiMi 1 5«*BWWC* 
S3cOUi/Xh7l^-A3 4 5:iE«l : 6rJB«^>'N* 

[0107] *LT, 014O.t'5(C. m3ff)Ui^Xb 
yU-&3 4 tfm&Z tlfc C u Tffii 3 3 ±K C u #> o 
£JBI£j£J!LT. m3coU ; JXVyU-A3 4l,zmtix 

%2naAMk\ ofcJBjfcts. 

[0 1 08] awe, 01 5<0id(C S2c03>f;WI 
10l^hO£#ftCu#>o#§L AlftfcfrfcCuTiftlR 
£Rf*l/C. S2W3 4;HlO*^-r«.. 
[0 1 093 S52<?)3 4/miO£0j£L*:fJL 016 
oidtc. »2*>3-f/WBi 0£a?m<9*tlffcfciJf 
17*. xtfya-hififc.fc'J&tfl/C. 1MII2 

3 . &x/im» 2 o o±jBj&«» i mwmm n&t> 
m&th «k ^ t, s i co^^s 1 7 *7 * h y v ^ 
77^tj;osi*-^«t-c^-^--y^-ri». -5-L 
t, * i 1 7 tii. w&T<x7ttftmm 

6 1 b £ffi£fffi 1 7 a . 
[ 0 1 1 0 ] m 1 <9W$8&*#» 1 7 fc#j£Lfc». ±SB 

3r«6*«B»o*ifetcJ: | 3JBja , tsfc«>t;, sio 
^mmm 1 7 . ±gu?affi^ 2 3 , at/fg^gp 2 0 co± 

Wiz. yN°-vo4T*R3 55:X^--y^m-r-i.. 
[0111] ^c^-r. 01 ±gP3TiI 

6 O^SrHO J: o &S4 >-'7. h 7 U-A 3 8 
fcth. %4<r>\sVxvyv-j±*y* hOV??y< 

\,zi.*)l&Wi.-thtzW?X7 31\t. 018t*-TJ:3 
S401^^'X b 7 W—At tT«-T^#^*« 
gP^ 3 7 a . _b^P=7 TS 6 CO^^MJ LfcSWhWfifc 
a5^3 7bt=5roT^«.. 

[ 0 1 1 2 ] 7* Ml OE3tXS^*J^T, 

7X^3 7*«iSL-C. -7^^3 7±*^U^MM3 
6fc*g«Srt-6. £*>fc&. 01 8(CS^i3(C. 
^ 3 7C7)H^^3 7 aTtli, » 1 0^®mJ§ 1 7 
COM^ffl 1 7 a a*J> 0 , W i^'X Ml 3 6 a.co Al**li , 
0l7l=^-TJ:ot=. Sltf0W«*&^«l7OffiMffil 

7 a±(3}g)S$^VN--vn4Tit!lll3 5(=J: OIB^t 
-f Xi?«(6iffi6 1 bffiJtfLSSt^ixl.. 

[0113] aR»S*ifcAtt*tt. vx? 3 703S3K 
a5^3 7bTOU>-'XMi3 6^t,«ixS*<. Sl^W 
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